Abstract P-wave characteristic in the human electrocardiogram (ECG) is important in the diagnosis of atrial conduction pathology. In this paper, we measured an ECG signal from patient with cardiovascular disease using one lead ECG electrode system which is based on the wireless cardiac monitoring system. And we detected a P-wave in ECG signal using the complex-valued continuous wavelet transforms (CWT) according to two kinds of patch type electrodes such as an existing narrow patch type electrode and the improved wide patch type electrode presented in this paper. Also, we compared the characteristics in detecting the P-wave in terms of the magnitude and the width of P-waves. From the results of comparison we found that the width and the magnitude of P-wave detected using the wide patch type electrode is improved to be interpreted easier compared to those using the narrow patch type electrode. Furthermore, we have also proven that the complex-valued CWT can be used as a robust detector for P-wave in ECG signal analysis.
Introduction †
The analysis of the electrocardiogram (ECG) is a well-known non-invasive technique to detect the electrical heart activity. Abnormal heart cycle is reflected in the ECG by P-wave, QRS complex and T wave. Several clinical studies connect certain P-wave properties such as its width and morphology, with anomalies in the electrical atrial conduction and atrial pathology. The relation between the P-wave morphology and the interatrial delay has been studied in [1, 2] . Recently, it has * 경운대학교 항공정보통신공학과, 제1저자 ** 경운대학교 항공정보통신공학과, 제2저자 *** 경운대학교 항공정보통신공학과, 교신저자 (e-mail:joyun@ikw.ac.kr) been clearly verified how P-wave morphology depends upon which of three interatrial routes the conduction from right to left atrium has utilized [3] .
The analysis of the P-wave obtained from Frank leads and its relation to atrial fibrillation is reported in [4] [5] [6] . The magnitude and width of the P-waves are smaller than those of the QRS complexes and T waves, So their study requires more sophisticated computation techniques. In order to improve the performance in obtaining the P-wave, a different approach such as using the wide patch type electrode is needed. The patch type electrode constantly records the heart's electrical activity and is designed to be worn comfortably during normal daily activities, including sleep. The ease of use and inconspicuousness of the patch electrode helps increase the likelihood that a patient will wear the device for the entire prescribed monitoring period.
Patch ECG electrode system offers patient friendly, non-obtrusive, electrode and lead wire free recording environment. In addition to monitoring one lead ECG signal [7, 8] , patch electrode also monitors the contact impedance, providing real time information on the sensor contact quality.
But, it is difficult to observe the P-wave with the existing narrow patch type electrode because the size of the electrode is not sufficient to measure P-wave obviously which is usually small both in magnitude and in width relative to other signal components such as R-wave and T-wave. So, it is necessary to use an additional method to enhance the magnitude and width of P-wave to be detected accurately.
The CWT can decompose a signal into the whole range of scales and positions [9] [10] [11] , instead of a subset of discrete values as in DWT, which can help disclose more detail information. Usually, the DWT leads to a less redundant decomposition, which makes it efficient to compress and reconstruct a signal or image. Independent to the P-wave width measurements, morphologic analyses have been implemented in the assessment of P-wave characteristics. Hence the CWT is appropriate for an analysis of the P-wave detection.
In this paper, we presented the wireless one lead wide patch type electrode to improve the morphology of P-wave. And we proposed the continuous wavelet transform (CWT) based approach to extract useful properties such as the edge and high frequency information in morphology of P-wave for detection.
Materials and Methods
For the chronic patients with cardiovascular disease who live alone, it is necessary to constantly monitor their physiological parameters, especially the ECG, to effectively prevent and control their health conditions. The one lead ECG signal is recorded using two kinds of electrodes. Human ECG transmission has been particularly useful for wireless cardiac monitoring system. Nowadays, the infrastructure of RF and mobile phone systems has opened a new transmission medium which establishes access to many database at very low costs [12, 13] .
Real-time ECG transmission via mobile phone system has been important in order to provide a direct access to doctors in remote area.
In this paper we use the real-time ECG analog circuit signal acquisition system as shown in Fig. 1 .
The ECG signal is sampled at a rate of   ㎐ .
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The most used and/or discussed real-valued 3. Results Table 1 shows the comparison of characteristics of P-wave for two kinds of patch type electrodes.
The greatest advantage of the patch type electrode is that it's simply designed to use. Wide patch type electrode improves not only the waveform of P-wave but also the baseline drift to make the detection of P-wave easy to be interpreted. We proposed a method to assist to detect the extracted waves effectively, such as P-wave and R-wave in ECG signal. In the discrete wavelet transform (DWT), the wavelet coefficients for scale 1 to 7 is calculated by passing the previous approximation coefficients through the high and low pass filters. According to the power spectra of ECG signal the energies of P-waves are mainly at scale levels 4, 5 and 6. But, baseline drift is serious at scale 7, so reconstruction coefficients 
Conclusions
P-wave analysis has been used to study the atrial electrical activity in the heart. For studying the variability of the P-wave morphology, the size of a patch type electrode has been developed to improve the detection of P-wave.
In this work, P-wave morphologic analysis is based on the one lead ECG method and is analyzed using wavelet transforms. We presented the method to improve the morphology of P-wave for increasing the measurement accuracy using wide patch type electrode. And we also proposed the CWT based approach to extract useful information in morphology of P-wave for detection. In its 
